This study was conducted to determine the effects of supplementation of nanoparticles of zinc oxide in laying hen diets on laying performance, egg quality, nutrient digestibility, and zinc retention. A total of one hundred and twenty Bovans Brown laying hens (55-week-old) were assigned to four treatment diets including nanoparticles of zinc oxide at 0, 20, 40, or 60 mg/kg, respectively, for 12 weeks. Each treatment had six replicates with five hens each. The results revealed that feed conversion ratio was significantly improved (linear, P<0.01) with increasing levels of nanoparticles of zinc oxide in laying hens diet from 55-59, 59-63, 63-67 and 55-67 weeks of age. Hen day egg production, egg mass were significantly increased (P<0.05) by supplementation of nanoparticles of zinc oxide during the experimental periods. Moreover, Haugh unit, shell thickness and eggshell percentage were improved (P<0.01) with increasing levels of nanoparticles of zinc oxide. Digestibility of crude protein, ether extract and crude fiber linearly increased (P<0.001) with increasing levels of supplementation. Interestingly, the serum biochemical analyses revealed that serum cholesterol, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), urea and somewhat creatinine linearly decreased with increasing Nano-ZnO levels in the diets. In conclusion, inclusion of nanoparticles of zinc oxide at 20, 40, or 60 mg/kg had improved productive performance, Haugh unit, shell quality, nutrient digestibility, cholesterol, liver and kidney functions and can be used as an effective feed additive in laying hens diets.
INTRODUCTION
Nanotechnology is concerned with materials whose structures display significantly novel and improved physical, chemical, and biological properties, phenomena, and functionality due to their nano scaled size (Wang, 2000) .
Nanoparticles of Zinc Oxide (Nano-ZnO) are the specially prepared mineral salt having particle size of 1 to 100 nm (Swain et al., 2016) and it may promotes productive performance, modulates the immunity and reproduction of the poultry. The commonly used grains in basal laying hen diets are rich in phytate content that may reduce availability and inhibit absorption of zinc. With the use of minerals nanoparticles may be used as a supplemental source of trace minerals in the diets which have been found to have several novel properties different to those from bulk materials or commercial salts of these minerals (Mohapatra et al., 2014) . The feed additives like nanoparticles of trace minerals may play an active role in productive and reproductive performance of poultry production (Egwurugwu et al., 2013) . Moreover, zinc can play an important role for the poultry in many aspects such as antioxidant, growth performance, protein synthesis and nutrient metabolism (Salim et al., 2008) . Zinc is also necessary for bone development, production, enzyme structure and egg shell formation (Tüzün et al., 2018) . Furthermore, Nano-ZnO reduced yolk lipids by decreasing biosynthesis and increasing lipid degradation (Zhao et al., 2016) . Likewise, Abedini et al., (2017) found that supplementation of Nano-ZnO at 80 mg/kg diet enhances the performance and egg quality of laying hens. Therefore, nanotechnology may serve as a suitable source to replace the minerals in the diet. These can be used at lower doses and can provide better result than the conventional Zn sources and indirectly prevents environmental contamination (Swain et al., 2016) . Therefore, the purpose of this study was to evaluate the potential of different levels of Nano-ZnO as feed additives in laying hen diets in order to observe its impact on productive performance, nutrient digestibility, egg quality, ammonia emissions and serum metabolic profile.
Materials and Methods

Experimental birds, design and feed preparation
The present study was conducted in the breeding farm of Agricultural Research Centre of the Faculty of Agriculture, South Valley University, Qena, Egypt. A total of one hundred and twenty Bovans Brown laying hens (55-week-old) were assigned to four treatment diets including nanoparticles of zinc oxide at 0, 20, 40, or 60 mg/kg, respectively, for 12 weeks. Each treatment had six replicates with five hens each. The hens were housed in a 60 cm × 60 cm × 40 cm cage. All hens were housed in an environmentally controlled house with temperature maintained at approximately 24•C. The house had controlled ventilation and lighting (16L:8D) systems. All hens were supplied with feed and water for ad libitum consumption. Animal housing and handling procedures during experimentation were approved by the Committee of Ethics of the Animal and Poultry Production, Department of the South Valley University. The hens were fed diets in mash form during the experiment (55-67 weeks of age). The basal diet was formulated (Table 1) according to recommendations of NRC (1994).
Productive performance parameters
Hen day egg production, egg weight and feed consumption were daily recorded throughout the experimental period. Feed intake was used to calculate feed conversion ratio (FCR), expressed as kg of feed consumed per kg of egg produced (Catli et al., 2012) . Hen day egg production (%) was calculated from the total number of eggs collected from a cage divided by the average number of birds multiplied by the number of days (biweekly as a unit), and the result was multiplied by 100 (Pelica et al., 2009) . The average egg weight was calculated based on the total egg weight divided by the number of produced eggs. Egg mass was calculated by multiplying egg weight by egg production/100. The magnitude of production variables such as feed intake and egg production was adjusted for hen mortalities. Deaths were recorded daily as they occurred. 
Egg quality parameters
The parameters relative to egg quality were evaluated at 63 and 67 weeks of age. Twenty four eggs were randomly collected per treatment (4 egg per replicate) to determine egg quality parameters according to Abdel-Wareth and Lohakare (2014) . The collected eggs were weighed. The eggs were broken out individually onto a glass plate surface and allowed to sit for 5 min. The heights of yolk and albumen, and the diameter of yolk were measured using the calipers. Yolks were separated from albumen manually, and both were weighed. The weight of shell, albumen and yolk were divided by whole egg weight and then multiplied by 100 to determine percentage weight. Eggshell thickness (without inner and outer shell membranes) was measured at the middle part of the eggshell using (QCT) shell thickness micrometre (Technical Services and Supplies Ltd., England). Haugh units (HU) were calculated from the records of albumen height (H) and egg weight (W) using the following formula: HU = 100 log10 (H -1.7W 0.37 + 7.56), according to Haugh (1937) .
Nutrient digestibility
At the end of experiment, a total of 48 healthy laying hens were placed in metabolic cages, two birds randomly selected from each replicate, which were used for collecting excreta. , 2006) . Calcium was measured using atomic absorption spectrometry and phosphorus was analyzed colorimetrically (method 10.6.1; VDLUFA, 2007) . Starch and sugar contents of the diets were quantified using official European Union methods (Anonymous, 2009). The contents of neutral detergent fiber (assayed with a heat stable amylase, aNDFom) and acid detergent fibre (ADFom), both expressed exclusive residual ash, were determined sequentially without sodium sulphite (method 6.5.1 for aNDFomand 6.5.2 for ADFom; VDLUFA, 2007). Lysine and methionine (after oxidation) were analyzed using an amino acid analyser after hydrolysis (6 M HCl) of the diets (method 4.11.1; VDLUFA, 2007). The gross energy content of the diets was measured using an adiabatic bomb calorimeter (model C 200; IKA, Heitersheim, Germany). At the end of the experiment, fresh excreta of all chickens were collected and mixed well for each respective cage and then stored at −20°C until analyzed for ammonia. Ammonia-N (mg NH 3 -N/30 ml) from both the blank and from the syringes containing substrate (NH 3 -N sample) was measured by distillation (Vapodest 50 s carousel; Gerhardt, Königswinter, Germany).
Blood sampling and laboratory analyses
At the end of experimental period, 12 birds from each treatment were randomly selected (2 birds per replicate). The blood was drawn from wing vein using sterilized needles and syringes in vacutainer tubes for serum collection. Feed was not withdrawn from the feeder before blood was collected. The blood was centrifuged for 10 min (3000 × g) at room temperature. Serum was collected in tubes and stored at -20•C until further analysis. Liver enzymes including glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), as well as kidney function tests including urea and creatinine, and Cholesterol was analyzed colorimetrically using (Spectrophotometer Sunostk, SBA733 Plus).
Statistical analysis
The statistical analysis was performed using a completely randomized design and the general linear model (GLM) procedure of SAS 9.2 (SAS Institute, 2009). The model only included the level of Nano-ZnO supplementation. Pens were the experimental units for all analysis. Orthogonal polynomial contrasts were used to determine the linear and quadratic effects of the increasing levels of inclusion and Duncan multiple range test was used to compare means (Duncan,1955) .
Significance was declared at P<0.05; P-values less than 0.001 are expressed as "<0.001" rather than the actual value.
Results
Productive performance
There was no mortality and the general health status of laying hens was good throughout the experimental period. 
Nutrient digestibility
The results of nutrient digestibility as affected by feeding different levels of Nano-ZnO in laying hens are given in Table 3 . Supplementation of Nano-ZnO in hen diet at levels of 20,40 and 60 mg Zn/kg for 12 weeks had a linearly increase in dry matter, ether extract, crude protein and crud fiber digestibility compared to control diet.
Moreover, results indicated that ammonia production was linearly (p<0.011) decreased in hens consumed diet supplemented at 20, 40 and 60 mg/kg compared with control group. 
Egg quality
Egg quality criteria were greater for hens fed the Nano-ZnO diet than those fed the control diet at 67 weeks of age (Table 4 and 5). The Haugh unit was higher (P<0.01) for laying hens fed Nano-ZnO dietary treatments than those fed control diet. Dietary addition of Nano-ZnO (20, 40, or 60 mg/kg) to laying hens for 12 weeks resulted in a linear increase (P<0.01) in egg shell percentage, and eggshell thickness (P<0.01) in a dosedependent manner. However, dietary Nano-ZnO had no significant effect on albumen and yolk percentages (P≥0.05) in the laying hens at 67 weeks of age. Results of chemical composition of egg are presented in Table 5 . Egg ether extract content was not significantly (P≥0.05) influenced in laying hens fed diets supplemented with Nano-ZnO. On the other hand, the Nano-ZnO supplementations resulted in a linear increase in egg contents of crude protein (P=0.001) and dry matter (P=0.017) with the increasing levels in the diets.
Serum biochemical parameters
The influences of dietary supplementation with Nano-ZnO on some serum biochemical analyses of laying hens are shown in Table 6 . Interestingly, the serum biochemical analyses revealed that serum cholesterol (P=0.013) linearly decreased with increasing Nano-ZnO levels in the diets. Likewise, supplementation of Nano-ZnO to laying hens diet linearly decreased serum GOT (P=0.006), GPT (P=0.002) and urea (P=0.011) compared to control group. However, serum creatinine was quadratically decreased (P=0.014) with increasing supplementation of Nano-ZnO. 
Discussion
In the current study, the health status of laying hens was good during the experimental period (55 to 67 weeks of age) which could be related to the controlled house system. Due to scarcity of available information on effect of Nano-ZnO on laying hens, comparison was done with other studies that used other Zn sources. In current study, supplementation of Nano-ZnO at 20,40 and 60 mg/kg improved hen day egg production, egg weight, egg mass and feed conversion ratio, which was mainly due to improving the conversion of digested feed into eggs showing linear effects. These results are agree with Torki et al. (2015) who found that supplementation of 40 mg Zn/kg significantly improved egg production, egg mass and egg weight, but feed intake of laying hens was not affected. Also, Supplementation of (80 mg/kg) Nano-ZnO to laying hens diet significantly increased egg production and egg mass without any significant effect on feed intake (Abedini et al., 2017) . In addition to, Tabatabaie et al. (2007) observed that FCR of Hy-line layer was not affected by 25 and 50 ppm organic and inorganic zinc. Abedini et al. (2018) found that supplementing the diets with 40, 80, and 120 mg Nano-ZnO /kg had no significant effect on FCR of laying hens. Idowu et al. (2011) added different sources of zinc and observed that egg production was significantly (P<0.05) increased in hens fed diet supplemented with 140 mg/kg ZnSO4 and Zn proteinate compared with same level of ZnO, ZnCO 3 and control group. Moreover, El-katcha et al. (2018) observed a significant increase in egg production in hens consumed diet supplemented with 30 and 60 ppm of Nano-ZnO/kg diet.
On the other hand, Tsai et al. (2016) found that 60 mg/kg Nano-ZnO did not affect feed intake, egg production, egg weight and egg mass of white Leghorn laying hens. In addition to, Mao and Lien (2017) observed that egg mass, egg production, egg weight and feed conversion ratio were not affected, but feed intake was significantly increased when layer fed diet supplemented with 80 mg Nano-ZnO /kg. Furthermore, in current study, birds fed diets supplemented with 20, 40 and 60 mg/kg Nano-ZnO linearly increased nutrient digestibility of dry matter, crude protein, crude fiber and ether extract (Table 3) . These findings might be directly associated with improvements in laying performance. The results agree with Saleh et al. (2018) who reported that supplementation of zinc at 25, 50 and 100 mg/kg to broiler diets improved dry matter digestibility and crude protein utilization compared to control diet. In this connection, supplementation of zinc at 30 and 60 mg/kg linearly increased digestibility of dry matter, organic matter, crude protein and ether extract compared to control diet (Sahin and Kucuk, 2003; Sahin et al., 2009 ). On the other hand, Tsai et al. (2016) found that supplementation 60 mg/kg of different sources of zinc (ZnO, Znmethionine and Nano-ZnO) had no significant (P > 0.05) effect on dry matter, crude ash, crude protein and crude fat. Shinde et al. (2006) observed that supplemented 20 mg/kg of zinc did not significantly affect the nutrient digestibility compared to the control group. The present study showed that eggshell percentage, eggshell thickness, and Haugh unit as well as dry matter and crude protein composition of eggs were linearly increased in laying hens. It could be supposed that Nanoparticles of zinc oxide may provide a site of calcium deposition in uterus and consequently increase shell weight and shell thickness in comparison to control group. Our findings are in agreement with Tsai et al. (2016) who found that supplementation of Nano-ZnO at 60 mg/kg to layer diet significantly (P<0.05) increased eggshell thickness. Also, Abedini et al. (2017) showed that layer fed diet containing 80 mg/kg Nano-ZnO significantly (P<0.05) increased shell thickness and Haugh unit compared with control group. Likewise, Abedini et al. (2018) reported that supplementation of Nano-ZnO at 40, 80, and 120 mg Zn/kg improved Haugh unit and shell thickness of Hy-Line W36 laying hens. However, Zhao et al., (2016) reported that the egg protein and water contents were not affected in layer fed diet with Nano-ZnO at 10, 25, 50, 100 and 200 mg/kg. Only limited systematic research is available, which handicaps full comprehension of physiological responses of Nano-ZnO. Interestingly, Nano-ZnO linearly decreased the serum cholesterol, GOT, GPT, urea and creatinine levels in laying hens in our study. The values are within the normal physiological range (Akbari et al., 2016; Azzam et al., 2011; Saleh et al., 2018; Elkatcha et al., 2018) . In general, serum GOT and GPT were considered as an indices for liver damage as well as urea and creatinine were considered as an indices for kidney damage. Therefore, results of the present study may provide evidences for occurrence of no toxicity of feeding Nano-ZnO in laying hens during 55 to 67 weeks of age. These results agree with El-katcha et al. (2018) who reported that serum liver enzymes (GOT and GPT) activities and cholesterol concentrations were reduced in laying hens supplemented with 30 mg of Nano-ZnO/kg diet. In current study, serum cholesterol concentrations were decreased with increasing Nano-ZnO supplementations. The decrease in cholesterol may be due to that Zn prevent cholesterol from absorption in gastro intestinal tract (Tizard et al., 1989; Wang et al., 2011) and may promote the growth and activity of lactic acid bacteria, which reduces the cholesterol level by producing enzymes disintegrating bile salts and making them unconjugated (Gibson and Roberfroid, 1995) . Furthermore, Aksu et al. (2011) reported that supplementation of organic complexes of Zn to chicken diets decreased total cholesterol and LDL-Cholesterol compared to control. Zhao et al. (2016) found that serum total cholesterol of laying hens was significantly decreased (P<0.05) by supplementation of the Nano-ZnO at 100 and 200 mg/kg compared to control group. Abd-El- Samee et al. (2013) reported that serum cholesterol level was decreased by supplementation of Zn to broiler diets. Likewise, Uyanik et al. (2001) found that supplementation of Zn to broiler diets decreased serum cholesterol concentrations. However, Torki et al. (2015) found that serum cholesterol of laying hens was not affected by feeding 40 mg Zn/kg diet.
Conclusion
In conclusion, Nano-ZnO could be incorporated into laying hen's diet at inclusion levels up to 60 mg/kg for 12 weeks, with improvements in egg production, egg weight, egg mass, feed conversion ratio, Haugh unit, eggshell and serum cholesterol. Inclusion of Nano-ZnO to laying hens diet increased the digestibility of crude protein, ether extract, and crude fiber without any toxicity of liver or kidney of laying hens. Zhao Y., Li L., Zhang P.F., Liu X.Q., Zhang W.D., Ding Z.P., Wang S.W., Shen W., Min L.J. and Hao Z.H. (2016) 'Regulation of egg quality and lipids metabolism by Zinc Oxide Nanoparticles ', Poultry Sci., 
